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Rho GTPases regulate microtubule capture near the
cell cortex to polarize cells. What is surprising is the
repertoire of interactions between proteins at the
ends of microtubules and their cortical targets. The
microtubule tip protein CLIP-170 has now been
found to interact with the Cdc42/Rac effector IQGAP
and mediate transient capture of microtubules.
Microtubules contribute to cellular polarization by
providing tracks for membrane vesicle transport and
positioning intracellular organelles. The intrinsic dynam-
ics of microtubules likely allows for their remodeling in
response to external signals [1]. This property, however,
complicates the important problem of deciphering how
microtubule tracks are laid down during the generation
of cell asymmetry.
Recent studies have focused on two aspects of this
problem: deciphering the externally triggered signal-
ing pathways that control dynamic microtubule
interactions with the cell cortex, and identifying inter-
acting partners for a group of proteins which localize
to the growing ends of microtubules and which are
thought to tether microtubules to cortical targets.
Remarkably, Fukada et al. [2] have now identified
IQGAP as a new interacting partner for CLIP-170, the
founding member of the microtubule tip-associated
proteins, and have also shown that this interaction can
be regulated by signaling through the Rho family
GTPases Cdc42 and Rac.
Fukada et al. [2] identified CLIP-170 as a novel
IQGAP-interacting protein by affinity chromatography
and mass spectral analysis. This result was surprising
as IQGAP was previously characterized as a Cdc42/Rac
effector which binds actin through its calponin homol-
ogy domain and calmodulin through its IQ motifs, and
which accumulates at the leading edge of migrating
cells, at sites of cell–cell contact in epithelial cells and
in the cleavage furrow in yeast [3]. Binding studies with
purified CLIP-170 and IQGAP and coimmunoprecipita-
tion confirmed that the interaction is direct and occurs
in vivo. CLIP-170 is able to bind both IQGAP and
microtubules simultaneously, as it mediates binding of
IQGAP to microtubules. Importantly, the amount of
IQGAP binding to microtubule-associated CLIP-170
was found to be enhanced approximately three-fold by
active Cdc42 or Rac in these in vitro studies.
The in vitro properties of IQGAP suggest that it
might mediate capture of growing microtubule ends
bearing CLIP-170 in a process regulated by Cdc42
and Rac. Fukada et al. [2] tested this possibility by
examining migrating cells, where IQGAP is restricted
to the leading edge. They found that the distribution of
CLIP-170 on microtubule ends partially overlaps with
that of IQGAP, and a mutant of IQGAP containing only
the CLIP-170 binding domain removed CLIP-170 from
microtubule ends, indicating that IQGAP can interact
with CLIP-170 on microtubule ends. In the most
revealing experiments, live-cell imaging of the fluores-
cent fusion protein EGFP–CLIP-170 showed that
CLIP-170 on growing microtubule ends transiently
paused at the periphery of cells containing activated
Cdc42 or Rac, but not in quiescent cells. This pausing
is unusual as the distribution of CLIP-170 and other
microtubule tip-binding proteins at microtubule ends
requires continuously growing microtubules.
The in vitro binding data and the extended pausing 
of CLIP-170 at sites of IQGAP in Cdc42- and Rac-
activated cells supports a model in which IQGAP 
and CLIP-170 capture microtubules. It is also possi-
ble, however, that some of the paused spots of CLIP-
170 may represent slowly dissociating complexes
released from the ends of depolymerizing micro-
tubules. Such behavior has been observed for adeno-
matous poliposis coli (APC) protein, which targets
microtubule ends when overexpressed in cells [4].
Dual imaging of CLIP-170 and microtubules should
help to test this possibility.
Rac and Cdc42 activation may also stimulate other
effectors that affect CLIP-170 behavior on micro-
tubules. Active Rac stimulates the kinase PAK, result-
ing in phosphorylation of the microtubule catastrophe
factor stathmin/Op18 on serine 16 [5]. As this phos-
phorylation decreases the catastrophe activity of
stathmin/Op18, it could enhance pausing of micro-
tubules. Cdc42 also activates a dynein/dynactin depen-
dent pathway to stimulate reorientation of the micro-
tubule organizing center (MTOC), and this is likely to
involve microtubule cortical interactions (see below).
Whether ‘activation’ of dynein affects CLIP-170 activ-
ity is not known, though CLIP-170 and dynein are
known to interact through Lis1 and dynactin [6].
The work of Fukada et al. [2] suggests that CLIP-
170 and IQGAP participate in a new form of micro-
tubule capture involving the transient stabilization 
of microtubules in areas of activated IQGAP. The
observed transient stabilization lasted only for inter-
vals up to 2 minutes and so may serve to concentrate
dynamic microtubules in areas of active remodeling,
such as at the leading edges of migrating cells. A con-
centration of microtubule ends may contribute to the
formation of actin-based structures, and Fukada et al.
[2] noticed that the paused microtubules formed near
filopodia and ruffles triggered by Cdc42 and Rac,
respectively. If IQGAP concentrates microtubule ends
near the leading edge, it may also affect loading of
vesicles on microtubule ends [7] or other cortical
capture events (see below).
The model for the Cdc42/Rac-activated microtubule
capture by IQGAP and CLIP-170 is similar to that for
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two other types of microtubule capture that have been
revealed in other recent studies of migrating cells
(Figure 1). The proteins in these mammalian pathways
parallel those involved in two types of microtubule
capture pathway that were first described in yeast [8].
Studies using wounded monolayers of fibroblasts
showed that Rho stimulates its effector mDia, a formin
family adaptor protein, to induce long-term stabiliza-
tion of a subset of microtubules in the lamella of cells
at the wound edge [9,10]. Stable microtubules induced
by this pathway have a long half life (> 1 hour) and
probably arise by end-on capture and capping of
dynamic microtubules. Imaging of microtubules in cells
treated with lysophosphatidic acid to activate Rho
revealed microtubules paused near the leading edge
for longer intervals than those detected by Fukada et
al. [2], and so may reflect capping of the microtubules
[9]. As with other microtubule capture pathways, a
microtubule tip-associated protein, EB1 [11], appears
to function in microtubule capture leading to long-term
stabilization (Wen, Y., Cabrera-Poch, N. and G.G.G.,
unpublished observations).
Another type of microtubule capture may be involved
in the reorientation of the MTOC toward the leading
edge of cells migrating into an in vitro wound. MTOC
reorientation is triggered by Cdc42 activation and this
regulates a dynein/dynactin-dependent pathway [12,13].
Although experiments have not been conducted to test
directly whether cortical microtubule capture occurs
during MTOC reorientation, one favored scenario is that
dynein localized near the leading edge captures micro-
tubules and pulls them to reorient the MTOC. Such 
a model postulates the sliding of microtubules along
the cortex and this needs to be examined in mam-
malian cells. Nonetheless, such movements have been
observed in yeast, where an analogous capture pathway
involving dynein slides microtubules to position the
nucleus at the bud neck during cell division [14,15].
Given that IQGAP is stimulated by Cdc42, which also
triggers MTOC reorientation [12,13], it will be interest-
ing to explore the possibility that IQGAP contributes to
MTOC reorientation. In migrating astrocytes, a different
Cdc42 effector, Par6, has been implicated in MTOC
reorientation [13] (Figure 1).
The three pathways depicted in Figure 1 point to
common features of microtubule capture. Each is
regulated by one (or more) members of the Rho family
of small GTPases; each is mediated by a specific
effector of a Rho GTPase; and each involves a
microtubule tip-associated protein. In the case of
IQGAP and CLIP-170, the capture appears to be
mediated directly by the GTPase effector. For the
other capture pathways, the situation is less clear and
there are likely to be additional players beyond the
GTPase effector. A good example of this is the
Cdc42/dynein/dynactin pathway, where the motor
protein dynein plays a role in MTOC reorientation in
mammalian cells and nuclear positioning at the bud
neck in yeast. Dynein may interact with microtubule
ends through its regulator dynactin, one of the micro-
tubule tip-associated proteins [16]. Motor proteins
may also participate in the Rho/mDia pathway, as the
parallel pathway in yeast involves Bni1p and
Bim1p/Yeb1p, orthologs of mDia and the EB1, as well
as the kinesin-related protein Kip3p [8,14,15].
Another general feature of the capture pathways is
that, at each level, the players exhibit activities beyond
their role in microtubule capture. Rho GTPases regu-
late many cellular processes in addition to microtubule
capture, and these are mediated by effectors that do
not appear to be involved in microtubule capture.
Thus, microtubule capture is probably stimulated in
conjunction with many other cellular activities. The
effectors also have activities beyond microtubule
capture. IQGAP and mDia contribute to the regulation
of the actin cytoskeleton [3,17,18] and Par6, in a
complex with Par3 and atypical protein kinase C (PKC),
regulates junction formation [19], indicating that micro-
tubule capture is regulated coordinately with the actin
cytoskeleton and cell–cell junctions.
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Figure 1. Rho GTPase regulation of
microtubule dynamics and capture.
Solid lines indicate direct interactions,
dotted lines indicate interactions which
may or may not be direct. A proposed
function for each pathway in regulating
microtubules in migrating cells is indi-
cated. MT, microtubule. (Figure drawn by
A. Palazzo.)
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Finally, microtubule tip-associated proteins as a
group also regulate microtubule dynamics. Recent
work suggests that CLIP-170 functions as a rescue
factor for shrinking microtubules near the cell edge
(Komarova, L. and Borisy, G, personal communica-
tion). This is consistent with earlier work that charac-
terized Tip1p, the fission yeast ortholog of CLIP-170,
as an anti-catastrophe factor [20]. Tip1p prevents
microtubule catastrophes at cell sides and allows
microtubule ends to become concentrated at the two
yeast cell ends. The role of EB1 or dynactin in regulat-
ing microtubule dynamics in mammalian cells is only
beginning to be explored. In budding yeast, knockouts
of Bim1p/Yeb1p, and the Arp1p subunit of dynactin
are known to alter microtubule dynamics [14].
An intriguing question for future studies is whether the
regulation of microtubule capture and microtubule
dynamics by these tip proteins are independent
functions. If these two activities cannot be separated,
then it is possible that a specific pattern of micro-tubule
dynamics may be tied to a particular type of microtubule
capture. For example, CLIP-170 acts as a rescue factor
and this keeps microtubule ends near the cell edge
where they are more likely to be captured by IQGAP.
Conversely, some types of microtubule capture may
contribute to the regulation of microtubule dynamics by
alteringp the activity of the tip-associated proteins.
The capture pathways in Figure 1 are depicted as if
they function independently of one another. There is
strong evidence that at least the Cdc42/dynein/dyn-
actin and Rho/mDia/EB1 pathways in mammalian
cells [12], and the equivalent pathways in yeast
[8,14,15], can function independently. Whether they
normally act independently during physiological
processes is far from clear, however, and it will be
important to determine whether there is a hierarchy
among the capture pathways. The IQGAP/CLIP-170
capture is transient in nature and it is very possible
that this capture feeds microtubules to other captur-
ing pathways, as it serves to concentrate dynamic
microtubules near the cortex. Studying the role of
IQGAP/CLIP-170 capture in cell migration and spindle
positioning should help to reveal the significance of
this new form of microtubule capture and its relation
to other forms of microtubule capture.
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